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X-3 CONFIGURATION W I T H  W I N G  AND HORIZONTAL TAIL 

SURFACES 'OF ASPECT R A T I O  3.0 BY MEANS 

ROCKET-PROPELLED MODELS 

OF 

RESULTS AT HIGE LIFT COEZTICIEMTS 

By Robert F. Peck  and Jesse L. Mitchell 

.; A rocket-propelled model of  the X-3 configuration equipped with an 
all-movable tail of aspect r a t i o  3.0 has been flown t o  determine the 
longitudinal  characteristics of this   configurat ion  a t   h i& lift coeffi- 
cients. An analysis of the,response of the  &el t o  rapid  deflections 
of the  horizontal   ta i l  gave information on lift, drag, longitudinal 
s tabi l i ty ,  and longitudinal trim change. 

The primary result  of the  tes ts  was that the  configuration was 
indicated t o  have very  unstable  tendencies a t  lift coefficients above 
the stall  and at a Mach  num'ber near 0.7. Data obtained a t  lawer lift 
coefficients i n  general  agreed well with data From a previous model t e s t .  

.- 

INTRODUCTION 

A t e s t  program is being  conducted.by  the  Pilotless Aircraft 
Research Division of the NACA t o  deterdue  longitudinal-stability and 
control  characteristics and drag of  the X-3 configuration.  This 
research i s  being done through the  use of rocket-propelled  free-flight 
models. This paper  contains  information  obtained from the second 
X-3 rockeGpmered model equipped with an all-mwable  tai l .  The primary 
purpose of this   par t icular   tes t  was t o  investigate  the  characteristics 
of the X-3 .configuration  (with  horizontal t a i l  o f '  aspect  ratio 3.0) near 
and  above the   s t a l l  lift coefficient  at  high-subsonic Mach numbers. 

rn 

-. 
Y 



2 NACA RM ~ 5 1 ~ 1 0  
9 

A s  in  the  case.of  the model reported i n  reference 1, longitudinal 
aerodydndc  characteristics were obtain& from  measurements made during - 
the  free-pitching  oscillations  following  abrupt changes in.incidence of 
an all-movable horizontal   ta i l .  Primary differences between the  present 
and previous model (without regard. t o  ,$gstrumgxtation  changes) were i n  
center-of-gravity  position and. values of t a i l  incidence used. The 
present model attained a m a x i m u m  Mach  number of 1.21. .The model was 
flown a t  'the Langley Pi lot less  Aircmft Research Station, Wallops 
Ialand, Va. . . . , , 
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SYMBOLS ' 

, 

chord-force coefficient . (-azw/@q) 
'i 

pitching-moment coefficient 

normal accelerometer  reading 

L 
I 

longitudinal  accelerometer  reading 

average  reading of transverse ac.celerometers , 

weight, pounds 

wing area  (including  area  enclbsed  within  f'us'elage),  square 

8 '  

* fee* 

moment of inertia  in  pitch,  slug-feet 2 

' dynamic pressure, pounds per  skuare  foot 

angle of attack,  degrees 

angle of  pitch,  degrees. 

ra te  of change of angle of attack,  degrees  per second 

rate  of change of flight-path  angle,  degrees  per second 
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.t time, seconds 

 TI/^ , time to damp t o  one-half 'amplitude, seconds 

C n  yawing-moment coefficient 

B sideslip  angle, degrees . ,  

- 
C wing meas'aerodynamic a o r l l ,  feet 

. .  - .  

V '  irelocity,  feet  per second . .  
! 

Subscripts: . .  . .  
. >  

ai I 

9 48 degrees at ZV' 
- 

I 

The symbols a, , q, &, an& !3 used as  subscripts  indicate the 
derivative of the  quantity with respect t o  the subscript, for .example . 
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i n l e t s  locat-ed  near the top of the- f'uselage and a 4.5-percent-thick 
straight wing of aspect-rat io  3.0 and t ape r . r a t io  0.4. Horizontal and 
ver t ica l   t a i l   sur faces  were mounted.on  a-boom  behind the  fuselage. 
Details of the model are shown in  f igures  I, 2, and 3. U s e  of the  bent 
angle-of-attack-indicator  sting provided a means of measuring angle of 
attack up t o  25' with the  standard  indicator which  had a range of  fl5O 
re lat ive  to   the  s t ing. ,  The  model was propelled by a Deacon rocket 
booster. The model-and booster on the  launcher  are shown in   f igure 4. 

The model  which i s  s t ruc tura l ly   ident ica l   to   the  model described 
i n  reference 1 was of all-metal  construction. The body was made of 
magnesium castings and duralumin sheet and wlng and t a i l  surfaces were 
a olid duralumin. 

As in  the  case of the model of reference 1, a simple  air-induction 
system was incorporated in the model-to give a  mass-flow r a t i o  of 
approximately 0.8 through the  inlets .  These in l e t s  were connected t o  
constant-diameter  ducta  deaigned fo r  choked flaw a t  the  exits.  

A hydraulic  accumulator  provided power t o  pulse  the'  horizoirtal 
tail i n  a square wave pattern between deflections of approximately -1.6' 
and -4.2' during  the  coasting  part of the flight. An NACA telemetering 
system  provided  continuous  information on free-stream total  pressure, 
calibrated  static  pressure (measured a t  base of angle-of-attack- 
indicator  cone), normal acceleration,  longitudinal  acceleration,  trans- 
verse  acceleration a t  two points i n  the model (on each side of fuselage)) 
angle of attack and horizontal tail position. The Doppler-velocimeter, 
NACA m c d i f i e d  SCR 584 tracking  radar and radisonde were used t o  check 
free-stream  conditions s t - t h e  model during  the  early part of the  f l ight .  

The weight of the model was 139.6 p d s ,  the  center of gravity 
was 0.4 percent back of the  leading edge of' the wing mean aeroaynamic 
chord, and the moment of iner t ia  i n  pitch was 15.9 slug-feet squared. 

The.primary  differences in t h i s  model and the model of reference 1 
were i n  center-of-gravity  location and ta i l   def lec t ions  used. The 
center of gravity of the mcdel o f  reference lwas 15 percent ahead  of 
the  leading edge  of wing mean aerodynamic Chord and the ta i l  was 
deflected between nominal values o f  0' and "2.70. 

The Reynolds number of the   t es t  (based on wing mean aerodynamic 
chord) is  shown in  f igure 5. 
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During the  early  part of the  coasting  flight,  time  histories of  
Mach number, velocity, 'dynamic pressure, Reynolds number, lift coeffi- 
cient,  drag  coefficient,  angle of attack,  control  posit ion,   perids of 
the  oscillations due t o  control  disturbance, and tFme f d r  the  osc;lla- 
t i on   t o  damp t o  one-half  amplitude were  obtafned from the telemetered 
information. 

These data were then  analyzed by methods discussed in  reference 2 
t o  obtain  the  variation  with Mach  number of  longitudinal  stability; 
control, trim, and drag of  the  configuration. 

.? 

The variation of  pitching-moment coefficienb with angle of attack 
L fo r  the model at a Mach  number of  appro-tely 0.. 7 was obtained by - graphically measuring the  rate of change of  angle of attack d from 

the  angle-of-attack  time  history and by calculating  the  rate of  change 
of flight-path  angle f from the time history of lift coefficient 
(gravity was 'neglected). These values were added together t o  obtain 
the  rate of  change  of the  angular  position of the m d e l  longitudinal 
axis  in space e'. The time history of 4 was then used t o  obtain 
graphically a* which was proportional t o  the   to ta l  pitching-moment 
coefficient. The pitching-moment coefficient due t o  danrping was es t i -  
mated  by using  the damping coefficient Cmq + CM obtained from the 
t e s t s  of reference 1 and by assuming C, = E%. The pitching-moment 

coeffic2ent due t o  damping was then  subtracted from the t o t a l  coeffi- 
cient t o  Obtain the   s ta t ic  pitching-moment coefficient Cm due t o  
angle of attack. 

Q 

A t  8.9 seconds after  f ir ing,   the angle-of-atta.ck  indicator  range 
was exceeded (that is, angle of  attack exceeded 25O). After this time, 
because of  the  effects of very  high  angles  of.attack on the  pressure 
measuring device8 used on the model it was not  possible t o  obtain accu- 
rate  values of  Mach  Rumber and dynamic pressure.  Therefore the coeffi- 
cients CL, CC, and so forth  were'not 0btaine.d. During the time inter- 

erations were obtained  along with a measure of  the roll and yaw 
velocities. R o l l  and yaw velocit ies could  not be obtained  separately 

- val between 8.9 and 12.0 seconds, however,' t i m e  histories of the  accel- 
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but  the -sum of the  rol l .veloci ty  squared  plus the yaw velocity squared, 
( I $ ) ~  + ($j2, was' obtained from the t k v e r s e  accelerometers. The  two 
transverse  accelerometers were mounted on opposite  sides of  the fuse- 
lage. . Total  acceleration-  read -a t  each  of ..these.  points . a t -  any time wis 
the sum.,uf accelemtiona due t o  pure- side  forces on the m o d e l ;  centripe- 
t a l  accelerations at the  accelerometer-due to   ro l l ingveloc i ty  mid 
centripetal  accelertitioni at the  accelerometer due t o  yawing velocity. 
Pure lateral   accelerations were obtained by averaging  the  accelerometer 
readings  (subject  to'errors discussed in   the  Accuracy and Corrections 
section  of-this  report)  and the  total   centripetd  acceleratiol;   effects 
were obtained by taking  the  difference  in the readings.  This  differ- 
ence w-as proportional t o  the aforementioned quantity (6) + ($) . 2 ' 2  

ACCURACY AM) CORRECTIONS 

From a consideration of possible  zero  shifts i n  the  telemeter& 
d&ta of 1 t o  2 percent of full-scale instrument  range and on the  basis 
of limited independent  checks of the Mach number and s ta t ic   p ressure ,  
the limits of accuracy of some of  the  important  quantities  obtained 
from the flight test   are   bel ieved  to  be as follows: 

Mach number 
Quantities 

1.15 

f0.050 fO. 032 f0.022 kO.016 CL 

0.7 0.85 1.00 

CDdn f.0012 f. 0038 f . o o a  k.0017 
a 

f .02 k.02 f . O 1  f . O 1  M 
*.13 *.15 k.15 *.I5 6 
f.5 f - 5  k.5. f. 5 

In  addition  the  absolute  angle of attack  maybe  further 
because of undetermined aeroaynamic asymmetry effects  of the 

i n   e r r o r  
free- 

floating vane used t o  measure- angle  of-attack. These  asymmetry effects  
may o r  may not compelmate f o r  the pOS8ible er ror  of f0.5O in angle of 
attack  listed  previously. 

The aforementioned errors   affect  only  the  absolute magnitude  of 
the measured quantities &nd, consequently, have only minor effects on 
both  the  trends  indicated by the measurements and, on slopes and 
incremental  quantities  derived from the measurements. 
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The idicated angle of attack was corrected..for poaitSop error - . 

(duriqg,,coasting  flight  previous to 8.9 seconds)  by..the  .method .- . _  
described..in.  referegce 3. A l l  the  .accelerg+ers  were  mounted.  in. such 
a p.osition  that-their  position  errors w o u l d .  arise .oil$:: f r o m .  yawing 
rolling-motions,._.-Until. the angle-of-attack-indicator . range .was 
exceeded (a+-819' seconds-seer firing)  'these  types of motion  &re. gf . 
very.s&ll  magnitude  and  -caused..no measymble position. error . i n  the . ., 
measurements- We by i;hese  instruments.  However  between 8. grand . 
ii. 6 .  secE&s'-pleasu-iements  of  longftudina.nA.i, noMnal transverse . .. ,. . 
acceieritioni . w e r e  subject.  to  measurable  position  .errors. . Position.. . 
errors  during  this  interval of time  could not be  calculated,  eC&ctly. 
but.were 'estimated to be  the  order  of 1 to 2g. 

. , . . . . . 
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DISCUSSION 

. Time  Histories 
. .  

- . - . - .. - . . . 

_ .  
. . . .  

As pointed  out previously the  basic  data  were  obtained in-the form 
of.time~hi6tories. In figure 6 is  presented a qualiktive tfme-history 
plot illustrating  the  response  of  the  model  to  the  elevator  deflections 
during  the  portion  of casting flight up t o  8.9 seconds  after  firing. 

Oscillations  resulting  from  the  first  three  disturbances were of 
moderate  amplitude. At a Mach number  of  approximately 0.9 -a€%er the 
elevator  deflected  to -4.2O, the  model  pitched.  up  to  the  stall  lift 
coefficient  as  indicated by increasing  angle of attack  with no corre- 
sponding  increase in lift  coefficient  (at  time = 6.35 seconds). When 
the  elevator-deflected back to -1.6O, the model  recovered f rom the stall 
but,  at a Mach nunber  of  approximately 0.7, when the  elevator  returned 
to -4.2', the  model  pitched  up  through  the a t a l l  to angles' of- attack 
considerably  above  the  angle-of-attack-indicator  range.  ..During  the 
portion of fli&t  previous to 8.9 seconds  the  transverse  accelerations 
were  of  small  magnitude (maximum of - g and the  rates of roil ehd yaw 

were  too Small to  be  measured by the'instrumentation  used. 
l )  2 

' .  Subsequent  to 8.9 seconds  (at Wch time  the &o limit of  the 
angle-of-attack  indicator was exceeded) it was not  possible to obtain. 
accurate  values of Mach  number  or  dynamic  pressure.  For  that  reason 
the  time  history shown in figure 7 is  not  presented i n '  coefficient  form. 
However,  the  important  basic  quantities  measured  between 8.4-and . . . 

approximately 12.0 seconds  are  presented in figure 7 to  illustrate 
qualitatively-  the  behavior of the  model  after  the  angle-ofrattack'- 
indicator  range was exceeded. , .  . .  

. .  

. .  
. . . .  .. . . 
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Beginning a t  8.9 seconds the  angle of  attack exceeded 25O, the sum 
of the  rol l   veloci ty-  squared and yaw velocity squared, (@) + ($) 
oscil lated between values of  0 . a n d  roughly 300 (rad/sec)2 and the 
osci l la t ion i n  the time history of  this quantity was i n  phase  with  an 
oscillation  in  the.norma1  acceleration time history (that is, when the 
yaw end roll: 'Gelocit-ies were maximum the normal acceleration was maxi- 
mum). The time history  obtained  during this interval is  .what  one might 
expect from a model i n  a Dutch-roll  or  falling-leaf  type of maneuver 
$ n i l e   a t  a very  high  angle of attack. 

2 2 

The angle-of-attack  indicator remained against  the 25O s top   un t i l  
9.75 seconds where the  angle  of  attack dropped  momentaril below 25O, 
apparently as a resu l t  of the t a i l  deflecting t-o the -1.6 iy position. 
The model did not  recover from the  high-angle-of-attack maneuver a t  that  
time but seemingly continued the Dutch-roll  type  of-maneuver a t  a lower 
leve l  of normal ,acceleration until 10.4 seconds aFter f i r ing.  

When the t a i l  deflected  to -4.2' a t  approxfmately 10.4 seconds, 
the  angle  of-attack began t o   o sc i l l a t e  from stop  to   s top  in  phase  with 
a hi&-amplitude osci l la t ion i n  normal acceleration and the  quantity 
(+12 + .(812 became comparatively s t e w  a t  an average level between 300 
and 350 (rad/sec)2. A t  the same time the transverse  acceleration time . 
h i s t o r y  began to   o sc i l l a t e  Over  a much greater range. It is  believed 
that  the model s ta r ted   ro l l ing   a t  approximately 10.4 seconds, that  i t s  
longitudinal  axis remained at a high and comgaratiyely  constant  angle 
i n  space and that   the  rate of r o l l  was equal to   the  square  root of the 

average  value of (@) + ($ ) * between 10.3 and ll. 3 seconds. The maxi- 
rnum rate  of rol l   a t ta ined as indicated by this m e t h o d  and as substanti- 
ated by the  angle of attack  in4icator  "oscillation" was approximately 
18.5 rd i ans   pe r  second. Apparently  the rate of r o l l  began t o  decrease 
at approximately 11.1 seconds and the d e l  recovered from t h i s  maneuver 
near  the time the t a i l  deflected  to  the lower tail set t ing a t  
11.5 seconds. 

2 

Since  the model and full-scale  airplane  are not dynamically 
similar,  the  matel motions between 8.9 and 11.1 seconds may not be 
entirely  indicative of the  violence of motions that the airplane would 
experience. The model performance indicates, however, that the  airplane 
configuration would  be highly  unsatisfactory and would probably perform 
comparable  maneuvers under similar conditions of angle of attack and 
Ma& number.  The type of r o l l  maneuver experienced by the model  would 
r e su l t   i n  very  high yaw angles and ver t ica l - ta i l  side force  coefficients. 

A s  noted i n  a previous  section, between 8.9 and 11.8 seconds the 
longitudinal and transverse  acceleration  readings were subject t o  
possible  position  errors of  from 1 t o  2g. The  Mach  number a t  

I 
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11.4 seconds af ter   f i r ing was estimated t o  be approximately 0.25- which 
indicates  a  rapid  decrease i n  speed during the ent i re  sequence of , 

maneuvers beginning a t  8.9 seconds. 

During the remainder of the flight (not shown) which was a t  low , , ! 
Mach numbers, the model pitched through a low range of normal accelera- ! 
t ion with a period of oscil lation approximately  equal to the pulse rate 
of the  horizontal   tai l .  The rates of r o l l  and ;yaw returned t o  values r 

too  small t o  be measured by the  instrumentation used. t 

As indicated on figures 6 and 7 the model experienced  bufieeting a t  I 

the  higher lift coefficiente. This was indicated by unusually shaky 
telemeter  traces  as shown in figure 8 which is a  portion of  telemeter 
record of a, 6, . d g ,  az/g and free-stream t o t a l  pressure j u s t  I 

previous t o  and during part of the flight where buffeting was encountered. 

L i f t  ! 

In figure 9 are  presented  variations of lift coefficient CL with 
n angle of at tack a determined from the first one-half o r  f i r s t  complete 

. cycle of each of the  oscil lations  i l lustrated Fn figure 6. The deviation 
in Mach number from the .average Mach number of these  data may be aster- 
of 0.7, the  variation is indicated on figure 9. Except for data  obtained 
from portions of flight where the model pitched through t h e   s t a l l  con-. 
dftion  the  deviatJons of Mach number from the  average indicated i n  the 
table of figure 9 were small (the order  of kO.01). 

.. tained from figure 6 and,, i n  the case of data  taken  near 8 Mach  number 

As i n . t he  case of the model of reference 1, in general   sl ightly 
different  values of mgle  of attack, f o r  a given  value of lift coeffi- 
cient, were obtained, depending on whether the  angie of attack was 
increasing o r  decreasing with time. This hysteresis  effect i s  evfdent 
i n  figure 9 (where data were obtained with angle of  attack both 
increasing and decreasing) in   the form of a loop. The loop  indicated 
in  the  data  obtained  near 0.9 Machnumber was due mainly t o  the usual 
separation  effect  occurring a t  the stall. Part of the loop i n  this and 
the  other CL against a plots can a l s o  be accounted f o r  by other 
aerdynamic  effects. For fnstance it ii known W t - a  lift arises  from 
the rate of change of angle of attack with time. It 10 belleved that 
th is  small amount of hysteresis (in the  case of data taken from oscil- 
latons  entirely below the stall) does not.afYect  the  slopes of the 
curves of C-L against a. 

From figure 9 it can be  se,en that the variation of lift with angle . of attack was somewhat nonlinear eve? a t . l a r   w l e s  of attack.. This’ 
was also  true of corresponding.  data .*om the .model of  reference 1. 
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The lift-curve  slope  values  obtained from the  plots of figure 9 for 
the model  below the  stalled  condition  are shown in  f igure 10 along  with 
the  variation with Mach  number of  the average lift curve obtained from 
these  values and the average lift-curve  slope shown i n  reference 1. In 
general  the agreement- between,the  lif't-curve  slope  data from the  present 
model  and  model of reference 1 i s  god.  

A limited number of. values of the minimum t a t a l  drag  coefficient 
CD- were obtained from this mcdel.  These values  are  sham  in 
figure 11 along  with  the  variation of  C D ~ ~  with Mac$ number from the 
model of reference 1. The agreement between mcdels i s  god. 

The drag polars CD a g a h s t  CL obtained from t h i s  model are 
presented in   f i gu re  12. The points shown on these  plots correspond t o  
the points in   the CL against a data in figure 9. The polars  obtained 
for   th i s  model show that  the minimum drag was experienced at lift coef- 
f icients between 0.05 and 0.12 throughout-the Mach number and t a i l -  
deflection ranges  covered. This i s   i n  dfsagreement with results 
obtained  with tbe model of reference 1 as evidenced by the comparison 
of the  polars  obtained  near a Mach  number of 0.7 from each of the models 
(see  fig. 12). The disagreement between the models has  not been sat is-  
factorily  explained  but may be a t  leas t   par t ia l ly  due t o  an undetermined 
aerodynamic asymmetric emect  on one o r  both  of the  angle-ofattack 
idTcators  used. 

t 

I 

It should be noted that all values of CD presented i n  figures 11 
and 12 include CD due t o  air flow through the ducts. 

LongitudTnal Stabi l i ty  

Stat ic   s tabi l i ty . -  A l l  pitch  oscillations induced by the t a i l  
movement wherein the  . s ta l l  lift. coefficient was not- exceeded were 
analyzed by the methods of reference 2. The variation of the  period of 
these  oec'illations  with Mach  number is shown i n  figure  13(a). Variation 
of the   s ta t ic   s tab i l i ty  parameter C m ,  with Mach  number as  obtained 
f r o m  the  faired curve of figure  l3(a) is presented in figure l3(b). The 
aerodynamic-center location, throughout the . M a c h  number range, as 
calculated by dividing C- by average C b ,  i s  shown in  f igure  l3(c)  
along with the corresponding  average data of reference 1. The lift 
coefficients a-t which these  data were obtained on the  present model 
corresponded  approximately to the average lift coefficient of  the model 
of reference 1. 



me  var ia t ion of s t a t i c .  pitchfng-mment  coeffkcient  angie , of 
attack  near 0.7 Mach number, obtained by .a 'rhe-thd described  briefly i n  
the  Test, and Analysis section, is.. shown fi.w.e!_ 142,- ,. This, cum$ 8heS 
that  the model was stable up to an Etngie of attack of 9. kO. The model 
was apparently  unstable between this angle of attack and an angle of 
attack of 25O where the  indicator went against  the  stop; however, the 
degree of ins tab i l i ty  was considerably  less beyond BLL angle of attack 
of 14'. Examination of the  time-history p lo t  in figure 7 indicates  the 
model m u s t  have become s tab le   a t  some angle i n  excess of 25O since it 
apparently  reached  a trim condition. trim angle  .of  attack  has been 
estimated t o  be roughly 45O - a t   a  time of 9.25 seconds after firing. 
This was done by assuming a  constant  variation of &/g with  angle of 
attackbetween 8.8 and 9.25 seconds. 

Damping in pitch.- Rate of decay of the  pitch  oscillations of t h f s  
model is shown i n  figure  15(a) Fn terms of time t o  ,- to  one-half 
amplitude, T1/2. A fa i red  l ine through  these  points W&E used t o  
obtain  the  variation of the  total  damping term K@ ' with M&ch 
number (fig.   15(b)).  This t o t s 1  danping term was subtracted from the. 
lift term K ~ C L ,  t o  obtain  the damping coefficient C- f Cx 

reference 1 .is also shown.  Comparison of Cq + C% f r o m  the two 
models  shows serious  disagreement  only at the  higher Ma+ numbers. 
This  disagreement stems primarily f r o m  the  disagreement between the 
t o t a l  damping terms WTl12, which in turn was a resul t  of the  dfffer-  
ence i n  T112 measured a t  one point (M' = l.l5}. Part  of  this differ-  
ence i s  due t o  the  difference in  center-of-gravity  location 
(difference = 15.4 percent E ) ,  as   i l lustrated by the  difference  in  the 
values of damping coefficient  calculated by the methcd of keference 4 
and shown i n  'figure 15(c). In l ight  of the  curves ob,~ined fram refer- 
ence 4 it seems that  the  damping-coefficient  data  obtained f r o m  the 
model of .reference 1 are m o r e  indicative  (at   least  above M = 1.1) of 

the  present model  were of comparable quality and were obtained a t  
approximately  the same lift coefficients. 

1/2 

. presented in -figure  l5(c).  A plot of (2% + '2% from the m o d e l  of 

' the damping characteristics of  the  configumtion,  although  data from 

Trim 

The variation w t t h  Mach number of trim angle of attack and lift ' 

coefficient f o r  t h i s  canfiguration (tail of aspect  ratio = 3.0) as . 
obtained f r o m  the  present model a t  two  horizontal   tai l   deflections i s  
shown i n  figure 16. The so l id  lines indicate  &ere dat& were obtained 
alternately-at  the two  t a i l  
that  the t r i m  could o n l y  be 
was near  the stall and trim 
was obtained from the curve 

settings. . The cross-hatched bands lndicate 
determined. approximately  because  the nude1 
was M e f i n i t e .  The t.rh point a t  M 0.7 
of figure .1&. 

I 
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The trim change indicated f o r  the  configuration with 6 = -4.2' is  
not  serious when viewed-along with the .curve o f  airplane CL for   level  
flight at  40,000 fee t   a l t i tude  and E = 120 shown on the figure. S 

Directional  Stabilfty 

Lateral  accelerations of this model  were very low previous to   the  
time the model  became unstable.  'There were,  however, small amplitude 
lateral   oscil latiolus and the  periods of these  oscillations were as shown 
i n  figure. l7(a). .The  method of reference 5 was used t o  determine 
CnB values which are shown in  f igure 17(b) along  with  corresponding 
data from the model of reference 1. As may be seen f r o m  this figure, 
the Cno values from t h i s  model  were considerably lower than  those 
from the mcdel of reference 1. Approximately one-third of the differ- 
ence in these data from the two models may be at t r ibuted  to   the  differ-  
ence in  center-of-gravity  position. It should be noted that on the 
present model lateral   accelerations were obtained by the use of con- 
tinuous  telemetering channels, whereas a switched  channel system was 
used to  obtain  lateral   acceleration data on the model of reference 1. 
Because. of the low switching  rate,  the data from model of  reference 1 
show considerably more sca t te r  than that from the present test. 

Also s h . m  in -figure 17(b,) are  values of  CnP as  obtahed frm 
data on this  configuration  tested  in  the ARES 6- by 6-foot supe eonic 
tunnel a t  a Mach number of 0.9 and Reynolds number of 2.29 x 10 E 
(unpublished data).  One of these values was obtained  over -le-of- 
yaw range of k0.5° and the other which agrees  well  with data from the 
pre8ent t ea t s  was obtained a t  an angle  of y a w  of about 4'. The lower 
value of Cng ' obtaiced from the  tunnel tests Over angle-of-yaw range 
O f  -f0.5' i s  iossibly due t o  &I effect  of .low Reynolds 
transit ion  point o f  the  flow Over the  ver t ical  tail.  
numbers of the rocket-model t e s t s  a t  t h i s  Mach number 
6.5 x 10 6 and 7.1 x 10 6 . 

number on the 
The Reynolds 
were between 

Comparison 'with Wiad-Tunnel Tests 

Shown in   f igure  18 are comparisons i n  l i f t ,  drag, and pitching- 
moment data f r o m  the  present m o d e l  t e a t  and from t e s t s  on a similar . 
model in   the Amee 12-foot  pressure wind tunnel  (unpublished data). 

Reynolds number.of. the  tunnel  test data was 1.1 x 10 6 , whereas 
rocket  test  Reynolds number i n  this Mach  number range was approxi- 
mately 3.7 x 10 6 . Dr&g.data from both rocket and tunnel models include 

I 

. 

I .  



internal  duct  drag. Tunnel mde l  base pressure was corrected. t o  
atmospheric  pressure. No base pressure measurements were made on. the 
rocket model. 

. .  

In general, agreement between the rocket-model and wind-tunnel 
t e s t s  is very god.. 

. -  .- - 

,. . 

A rocket-propellkd m o d e l  of the X-3 equipped with- an all-movable 
t a i l  of aspect  ratio 3.0 and with open ducts  has  been flown primarily 
t o  obtain  the  longitudikl  characterist ica  at   high  1ift :~coefficients 
and a t  high sllbsonic Mach numbers. . .  

The most significant  result  obtained was that the m@el became 
unstab1e.a-b lift coefficients above the stall  a t  a Mach W b e r  of  
approximately 0.7 and that, at  lift coefficients  considerably  higher 
than the stall, the m a l e 1  went i n t o  an e r ra t ic  y a w - r o l l  maneuver from 
which the model recovered  only a f te r   the  Mach number had decreased t o  
approximately 0.25. During part of this maneuver, while-the longi- 
tudinal.axis of the model wa5 at a high and comparativeb-conatant 
angle i n  apace, the model rolled  rapidly so that the wing, hor fzonta l  
tail, and ver t ica l  tail surfaces were subjected t o  very  high  amplitude 
variations i n  angle of  attack and sideslip. The data  obtained a t  lower 
lift coefficents throughout a b k c h  number range from 0..7 t o  1.2 i n  
general  agreed  reasonably  well w i t h  corresponding data f r o m  the model 
of reference 1. 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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Figure 1. - General arrangement of X-3 model.. All dimensions sre in 
inchee . 
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Note: Leading and trailing edge radii =0.015" 



* . .  , ' .  .. . ~ I: . , 

Figum 3.- Photographs of X-3 m o d e l .  
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Figure 3.- Concluded. 
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Figure 4.- Photograph of X-3 m o d e l  and booster. 
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Figure 5:- Test Remolds number based on mean aerodynemic chord. 
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Figure 10. - Lift-curve  alope. 
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Figure 11.- M i n i m u m  drag coefficient. 
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Figure 12.- Variation of drag coefficient with l i f t  coefficient. 
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(a) Period of longitudinal  oscillation. 
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(b) Longitudinal  stability  parameter with center of gravity at % . ..  
0.4 percent M.A.C. 
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( c) Average aerodynamic-center  location. 
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Figure 13.- Static longitudinal-stabi1ity.characteristics. 
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~ g u r e  16.- T r i m  lift coefficient and angle of attack. 
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(b) Variation of drag coefficient 
with l.3f't coefficient. 
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Figure 18.- Compariabns with wind-tunnel data. 

, I  

f 

. 

I 

. .  

9. 

Y I 



. .. .. 


